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S This study sxamined the effects of heat on sustained mmtal performance

i by sedentary femsle soldiers clad in chemiocal protective clothing. Seventeen
i women trained for 2 weeks on militery tasks. Then, they performed the tasks

3 7 for 7-h periode om A successive daya [Days 1 and 3=21.1 C, 35%rh, battle dress
unifora (BDU); Day 2212.8 C, 35%rh, proteotive olothing over BDU; Day Az32.8
l . C, 61%rh, protective oclothing ~ver BDU]. After 3 h in the heat in protective
: olothing, group performance began to deteriorate. Two persons had to be
evacuated in the 3rd h of exposure, 3 in the Ath and 5 in the 5th. The

. remaining 7 showed no adverse effects on performance of any task. No

: differences were found between cesuaities and nonjb/uultiu in rectsl
temperature or water oonsusption. Performance of & majority of the group also
l wvas adversely affected by the protective clothing at 12.8 C, 35frh. We

conolude that the effects of heat and proteotive clothing on women are more

i

severe than on men, but the reascns are not clear at this time. b_awatds -

~
— -3 0limatic stress; military performance; group productivity; womes/

Shrese (lwzmp . (sBw) %
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Rffeot of Heat and Chemiocal Protective Clothing on Sustained
Mental Performance by Female Soldiers
Bernard J. Fine, M.A., Ph.D.

U.8. Army Research Institute of Environmental Medicine, Natick, MA

The olothing system currently issued to ailitary psracnnel for protection
against chemical agents is relatively impermeable and substantially limits the
dissipation of heat froa within. The increased heat load has been shown to
have an adverse effect on the performance of tasks requiring either physiocal
(3,7,8,9) or mental (4,5,11,12) effort in both temperate and moderately hot
environments.

With specific regard to so-ocalled "mental"” work, Fine and Kobriok (4,5)
found that the performance of a group of highly trained male soldiers began to
deteriorate markedly after four to five hours of sustained work at 32.8 C,
615rh while wearing a chemiocal protective enseable. By the end of seven hours,
average group acouracy had decresased 17-23% from ocontrol oonditions for

investigator-paced tasks. Acouracy on self-paced tasks was not affected, but,

with self-pacing, productivity declined to about 308 of ocontrol oonditions.

All of the availadle information about sustained mental performanoce while
vearing proteotive olothing in the heat appears to have been odtained from
oales. Yet, while women are not permitted {n the combat arms, signilioant
nunbers of them are in support units whioh are likely to be involved in
oritical situations where chemiocal sgents can be present.

There appears to be no basis upon which to predioct differential cognitive
performance of women relative to men under oonditions of heat stress and
protective oclothing. Stephenson and Kolka (13) have noted that there have been

few thermoregulatory differences shown betwesn men and women in studies whioh
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have beon propsrly oontrolled for faotors (e.g., physical fitness) whiun

independently affect thermoregulation. While there is some evidence that both

Y

pental performance (2) and thermoregulation (13) vary with menstrusl cyols,

S PMA Y SRS

there appears t0 be no evidence linking mental performance with
- thermoregulation,

This study vas undertaken to provide speoific informsation about female
performance of mental work in the heat while wearing chemioal protective
clothing. It is a repliocstion of the research reported by Fine and Kobrick
(4,5) with male soldiers. The foous of this first study of women was on
performance rather than on thermoregulation.

As in Pine and Kodriok (4,5), taree important criteria have been observed
in the design of the research: (a) participants performed tasks that would be
required of st least some troops during a chemical attack, (b) the tasks were
overlearned, as they would be among highly trained troops, and (o) exposure to
stress vas at least for aa long a time as the clothing is oonsidered to
provide protection.

The tasks in this study have been used effectively irn previous research
(%,5,6, and in unpudblished research by Fine and Kodbriok). They were modelled
after ocomponents of tasks performed by members of Artillery Pire Direction
Center (FDC) teams, forward observers and communications personnsl, and are
oonsidered to be among the most important types of tasks that would be
performed by trcops under sttack by chemical or any other weapons.

MATERIALS AND METHODS

Subjeotss 18 female sovldier volunteers, ages 20-31 (medians22), were
-3 studied. All were soreened by a mediosal offiocer. Because of the need to vear
s chemical mask in the study, all personnel were required to be able to read

without glasses or to possess optical inserts for the mask. Partiocipants were
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briafed on the purposes, design and potential hasards of the study and signed
voluntary consent forms. (The research oconformed to AR 70-25 and USAMRDC

‘Regulation 70-25 on Use of Volunteers in Research.)

Tasks: Pour tasks vere used as the major dependent variables. Each was
designad to be consistent with oontrolled soientific investigation and to have
oredidility as & genuine military acstivity.

(1) "Codebook:™ Receiving and decoding previously tape-recorded military
communications, varying in length from five to eignt words, which were
transmitted as radio messages through headsets. The task required that each
coded message be written am received, b decoded by referring to e simulated
Army code book, and the translation written on an appropriate fora.

(2) "Codewheel:™ Receiving and decoding map grid ocoordinates whioh were
transeitted as radio messages through headsetsa. The ooded information had to
be written as veceived, the appropriate one of three decoding devioss ("code
wheels") selected, the alphabetic information decoded 4{nto numeric format and
the result written on a fora.

(3) "8ite:" Computation of "Site," a ocorrection for the asymmetrical
trajectory of an artillery round, involves the use of s apecial slide rule and
the manipulation of numbers. (Computers now are used, but proficiency with
hand tools is still required of some FDC memders.) Tape-recorded information
was transmitted over headsets in authentic militsry format. The information
had to be written as received, addition and/or subtrsotion performed, the
resulting dats entered into the slide rule, the rule appropriately
panipulated and answers read from it and written acourstely cn a fors.

(4) Plotting targets on maps and determining ranges and defiections: All
participants were given identical maps and id~mtioal lists of targets to plot.
They were required to plot esoch target, using an artillery plotting socales,

e 840 sk SRS
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merk the loocation of the target with a map pin, draw & oircle around it and
write the target number in the circle. They also were required to deteraine
the range and dsfleoction of the target from a designated uttery (pre-plotted
on the map), using an artillery protrsctor. Answers had to be written on a
fors and inoluded the time of ocompletion of the caloulations for each target,
enabling quantification of nuaber of targets plotted per unit of time. A
further compliou.tion was introduced by having a numder of "No Fire Zonea,"
delineated by msets of grid ooordinates, listed on each persom's report form.
Avareness of thess sones had to be indiocated by noting on the form whether or
not a specific target should be fired upon. The sones were changsd after every
ten targets to prevent their being memoriszed ani to inorease the need for
alertness.

The Site computation task and the two decoding tasks herein are referred
to a8 "radio" tasks. They were paced by the rate at whioh the radio messages
were sent ("investigator-paced”) and oould not be controlled by the
participants. The map plotting task at times was "investigator-paced” and at
other times was "self-paoced,” i.e., each person had oontrol of her own work
rate (see below).

The subjects 4id not know which of the three radio tasks they had to
perfora until a specific message arrived. The messages were realistio in
content and for and included a variety of speeking voices and transient
tackground noises.

Experimental Design and Procedure: The subjects, in six-person groups,
were scheduled to arrive at three-week intervals. Four groups vere expeoted
over approximately three months. Because of long-renge acheduling prodlems and
sttrition of selected individuals prior to arrivel, five groups, varying in

sise from three to four persons (Ns18) were odtained over a period of six




acnths. Each group completed its assignment prior to the arrival of the next

one.

& Bach group was trained intensively for two weeks (exolusive of
week-ends), 6-7 h/day, followed by one "experinental” wesk, the purpose of

T which was to evaluate performance in the heat while wearing cheamical

protective clothing. Both training and subsogquent experimentation took place

in environmentally-controlled facilities.

The oclothing enseabdble worn is known as the Mission Oriented Protective
Posture (MOPP) system. It provides X levels of inoreasing chemical protection
preparedness, ranging from minimua (MOPP-I) to maximum (MCPP-IV). MOPP-IV,
whioh was used in this study, is total emcepsulsticn, and inoludes a two-piece
suit, vorn oompletely closed over the battle dress uniform (BDU), along with
boots, gloves, mask and hood,

Training for the radio tasks began with a siaple written format and
became increasingly complex, culminating ir realistically simulated military
ooamuniocations. During training, several hundred redic messages were
preoticed, snd hundreds of targets were plotted on maps. For all tasks, there
was within-session feedback of correctness of responses and disoussion of
errors and thoir caussy. Emphasis initially was placed on acouracy and later
on spesd, as accuracy goals wers achieved. All subjeocts received oconstant
individual attention.

During the first wveek of training, participants gradually were introduoed
to performing the tasks while wearing MOPP gloves and/or mask. During the
seoond vweek, they performed the tasks daily in the morning with and in the

afternoon without ‘the MOPP-IV system at appropriste aabient temperatures (ses

below). By the beginning of the "experimental” reek, everyone hed performed
all of the tasks in MOPP-IV for about 8 h, spread over 5 4.

i
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The experimental week procesded as follows: Moanday-Twoe 1 h "refresher®
sessions to re-eatadlish pre-weekend perforsance levels on the tasks (21.1 C,
35¢rh) s Tuesday-"BIU-Control-1": 7 h at 21,1 C, 35%rh, battle dress unifora;
Wednesday-"MOPP-Control™: 7 h at 12.8 C, 35%rh, MOPP-IV wvorn over BIU;
IFL' Thursday-"BU-Control-2": same as Tuesday; Friday-"MOFP-Heat-Stress™: 7 h at !
32.8 C, 61%rh, MOPP-IV worn over BIN.
The MOPP-Control day was kept at 12.8 C so that it would de the physical
equivalent of the 21.1 C 8DU-Control ocondition for a 7-h exposure (caloulated
by J.R. Breckenridge, this Inatitute). This "matching" of environments was
done to0 insure that performance in the MOPP-Control condition reflected omly
the effect of wesring the proteotive enseamble, and not the effect of
additional heat due to enocmpsulation.
The radic tasks vere presented as i-h blocks of messages. Twenty-five
| ' messages wers sent tO each participant per h. Five of the messages vere
| "irrelevant,™ i.e. types of messages to which the partioipants had deen
trained not to respond. Of the remaining meesages, 6 vers oodevhesl, 6
' codsbook and & coaputation of 8ite. The type of message and the interval
‘ between mascages varied according to a pre-determined randoa pattern.
Intervals ranged from approximately 30 s to over 2 min., There were no
i duplioat¢ messages throughout the entire «xperiment.
Everyone received identical messages within each lour. However, the order
varied from person to perscn, i.e., participant #1 received a sequence of
nessages from #1 to0 #25, and had the same sequence for all hours in which she

Loy

received messages. Partioipant #2 received identical messages, bBut her
sequence started vwith wessage #2 and ended with message #1. Partioipant ¢#3
started vith message #3 and ended with message #2 and 80 on. This prooedure

L

ani the randomly variable intervals betwveen messages inaured that everyons wvas

— . . - - .- T i w e sel e e oo
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working independently.

The redic messages wers presentsd four ¢times on each of the four
experimental days as hours 1, 3, 5, and 7. The hours were matched in terms of
the order and diffioulty of the messages, e¢.g., if message #3 waas a oodedook
E sessage in hour #1, not only wvas it a oodebook message in hours 3, 5 and 7,

but it also oontained the same numder of words to decode.
While monitoring for radio messages, partiocipants also plotted targets
} and determined ranges and deflections. However, redioc messages were assigned
highest priority. Map work was interrupted in order ¢0 respond to redio
messages and 10 ocarry out the required performances. Map work was then
resuned, Thus, during hours 1, 3, 5, and. 7, everyons was ocontinuously engaged
in mental work.

During the 2nd, 4th and 6th hours, everyone worked continucusly on map
problems and were interrupted twioe for btrief individual testing of oontraat
sensitivity and eye-hand coordination (to be reported elsewhere). During these
hours, everyone worked at her own pace on the map task for at least 30 minutes
i without interruption.

Each "one-hour" period included a 10-min rest period.
As a precaution on the MOPP-Heat-Stress day, reotal tempsratures were
i monitored at S-min intervals (more frequently if temperatures approached 39
‘ C). Safety regulations required removal of persoansl from the heat if rectal
temperature reached 39.5 C. Water was kept readily availadle, drinking was
i encouraged and consumption was monitored to assure adequate hydration.
Drinking while wearing the MOPP mask was acoomplished by means of a rubder

tube connecting miak with canteen. No food or beverages, other than water,

i vere ocnsumed during any of the experimental sessions. During training,
smoking was persitted only during breaks. It was not permitted during the
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experimental sessions. Acoess to & portadble toilet was permitted during
experimental sessioas, but was disoouraged. Very few persons availed
thomselves of the opportunity and those 4id so only during reat periods.
RBSULTS AND DISCUSSION

The data of one participant were excluded froa analysis beocause of
irregularities in bshavicr and performanos.

The redio tasks were scored for acouracy using the oriteria of Pine and
Kobrick (4, Appendix 6€). Each response was checked independently by two
soorers. Their evaluations then wers ocompared and discrepancies wers resclved
by discussion.

There were two types of errors; omission and commission. Omission
involved missing part of an incoming message or performing an inocomplete
translation of it. Commission involved recording inooaing information
erroneously or erring in computing or translating it.

In the MOPP-Heat-Stress condition, 10 persons had to be evacuated for
medical reasons; 2 in the third, 3 in the fourth and 5 in the fifth hours. All
evaocuees had either fainted, given indications that they were about to faint
or were Juiged incapabdble of continuing by the medioal officer and/or
investigator. Criteria entering into the decision to evacuate inoluded
dissiness, incoherent responses to questions, feelings of total exhaustion,
cessation of performance, Or an expresssd statement of desire to terminate. No
one was removed because of hyperthermia. Aversge rectal temperature at time of
removal for 10 persons was 38.2 C; only 1 person reached 39.0 C. Average
tenperature for the 7 woaen who were not evaourted was 38.0 C for each of
hours 5 and 7. No differences in water oconsumption were found between evacuees

and those wvho remained for the entire exposure. Body weights were not -

obtained, o weight loss oould not be ascertained.
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Exphasis vas on unit performancs, hence, s in Pine and Kobriock (a,5),

gVacuees were given the maximum nunber of cmission errors possidble for the
k3 ha otted no targets for the ri

missed. Group everages are reported for all tasks and reflect this method,
which provides a more realistic assessment of unit perforsance than would the
exolusion of data from evacueses. Bssentially, this is a "vorst ocase" analysis,
heavy weight being pleced on becoming a ocasualty, as it would be in a combet
situation. This prooddure has been discussed by others at various times { asee
Mne and Kobriock; 6, page 121).

With respeot to the overall perforsance of the group, it is important to

note that the 7 women who were not evacusted showed no signifioant adverse

effects of heat on the performance of any task.

Amalyses of varianoce (ANOVA'S) were ocomputed for each of the tasks, using
the error scores of sach subjeot, in order to determine the affects of
experimental oonditions, elapsed hours of work and their interactions on task
performance. The results of these analyses are presented in the text delow.

The number of errors mede by each person on each radio task was converted
to percent of total possible errors for that task. The percentages then were
averaged for the group, and are the btasis for tue grarhs used herein.

"Internal” oomparisons, i.e., differences between elapsed hours of work
within oonditions or between ounditions after a given numdar of hours of work,
were made using the Least Bignificant Difference Test (1,10).

CODEBOOK: The results for the Codebook task are shown in Pig. ! and
represernt errors of omission and commission combined.

INSERT PIGURZ 1 ABOUT HERE
The ANOVA for the oodebook ‘ask resulted in signifiocant main effects for

Conditions (Fx20.31;d.f.23,256;p<0.00001) and Elapsed Hours of Work




10

(P211,93;4.£.53,2563p<0.00001) and s significant interection between the two
(P=7.5154.2,%9,2563p<.00001),

Thers were no significant differences bdetwesn the two EIU-Control
oconditions at any hour of testing, nor were thare any differences between
houre of testing within either of the BDU-Control oonditions. This indiocates
that the group had reached a oonsistent level of performsnce whioch 4id not
vary significantly over 7 h.

Despite approximately 8 h of training while wearing it, the protective
clothing, by itself (MOPP-Control oondition), appeared to cause a significant
decrement in performance of the Codebook task; comparison of the MOPP-Control
oondition with each BDU-Control ocondition yielded significant decrements at
all hours of coaparison. This result is similsr tc, but somevhat stronger
than, that obtained by Mne and Kobriok (4,5) with males. Aversge group
decrements ranged from 25% to nearly 38% over the 7-h period.

No clear- out effects of heat were seen until the fifth hour. Then,
highly significant average decremsnts (57%) oocourred, reaching 70% after 7 h.
(It should recalled here that the scoring system emphasized unit performanoce.
Consequently, the large decrements in the fifth and seventh hours were due to
the evacuation of many partioipants as heat ocasualties.)

CODEWHEELs The results for the Codewheel task are shown in Pig. 2. Por
total errors (errors of omission plus comnission), an ANOVA yielded a
significant main effeot for Conditions (P=30.76;4.£.33.2563p<0.00001) and
Elapsed Houra of Work (P=8.4134.£.23,256;p<0.00001) and a signifiocant
interaotion bdetween the two (Ps7.87;4.f.39,2563p<0.00001).

INSERT PICURE 2 ABOUT HERE
As with the Codebook task, performance in the BEDU-Control oonditions

shoved remarkadle consistenocy and stability over the 7-h period; no
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signifioant differences were observed between the two oonditions at any hour
or between hours in either condition.

Performance in the MOPP-Control ocondition showed a signifiocant deocrement
(vher oompared with both BEDU-Comtrol oonditions) in the first and third hours.
2 : In the MOPP-Heat-Stress oondition, the group showed no sdverse effect of

heat in the first hour., In the third hour, however, performance was
significantly poorer than in either BDU-Control oondition, but did not differ
from MOPP-Control. Thus, &s was the ocase with the Codedook task, for the first
three hours, the dscrement in performance appears to be attributadle to the
protective suit per se and not ¢o a suit-heat intersction. The effects of heat
becanme evident by the f£ifth hour, however, and, by the end of the seventh
hour, average group error had reached 68.6%, obviously attridutable to the
svacusation of persommel.

COMPUTATION OF SITE: This was the only radio task in whioh the oontent
was presented twice, due to the relative diffioulty of the material. The
offect of the message repetition is evident in the lower error reates (Pig.3).

INSERT PIGURE 3 ABOUT HERE

ANOVA of total (omission plus ocommission) error scores resulted in
significant effeots for Conditions (P=35.12;4.£.23,256;p<0.00001) and Elapsed
Hours of Work (Ps9.99;4.£.23,256)p<0.00001) and a signifioant Conditions by
Hours interaotion (P=10.23;4.r.39,2563p<0.00001),

The two BDU-Control oonditions were exoceptionally stadle over time;
BDU-Control-1 varied less than 3% from hour to hour over the 7 h and
BDU-Control-2 varied no more than 1,3%. The two oonditions also wore
remarkadly similar to one another; the largest difference bdetween them was
observed at hours 1 and 3 and was only 1.5%.

The esignificant deorement in performance in the MOPP-Control oondition
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which was found with she Codedook and Codevheel tasks was not apparent here.

The MOPP-Heat-Btress oondition did not differ from the MOPP-Control
oondition in the first or third houre, dut in the £ifth hour a dramatic
inocrease in error rate to 54.1% coourred, attributadle to the large numder of
svacueses. The average group error inoresased to 62§ by the seventh hour.

MAP PLOTTING: The results of this task are separated into two ocategoriea:
performance ooncurrent with redio message reception (hours 1, 3, 5, Ty
"investigator-paced”), and performance without that interference (hours 2, i,
63 "self-paced”).

NUMBER OF TARGETS PLOTTED, HOURS 1, 3, 5, 7: The average nuamber of
targets plotted by the group by Conditions and Elapsed Hours of Work are shown
in Pig. A. AROVA resulted in significant main effeots for Conditions
(7=59.5;4.1£.23,256;p<0.00001) and for Elapsed Hours of Work
(P23,9844.£.23,2565p<0.01). There was a tendency for more targets to de
plotted in BDU-Control-2 than in BIU-Control-1 in hours 1 and 3; the
difference is significant only for the third hour. This 45 identical to what
was found with males by Pine and Kodriok (4,5). Performance in each of the two
BDU-Control conditions was very oonsistent, testifying to the effisaocy of the
training.

INSERT FIGURE 4 ABOUT HERE

While aocouracy was not affeoted, signifioantly fewer targets were plotted
in the MOPP oonditions than in either of the BDU-Control oonditions. In the
MOPP-Control oondition, simply wearing the proteotive suit, without the added
stress of heat, apparently intsarfered with performance as it hed with the
Codebtook and Codevheel tasks. Output, while lower, nevertheless was very
oonsistent from hour to hour (9.65, 8.94, 8.9 and B8.59 average targets
plotted per person per hour for hours 1, 3, 5, and 7 reapeotively).
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Performance in the MOPP-Control and MOPP-Heat-Etress conditions did not
4iffer in houra ' and 3, but by hour 5, as casualtiea atarted to ocour, large
and signifioant deorements in productivity (but not acouracy), due to heat,
btecams apparent, increaning in the geventh hour.

FUMBEIR OF TARGETS PLOTTED, HOURS 2, 4 and 6: The results for houra 2, 3

and 6 are shovn in Pig. 5. ANOVA resulted in a highly signifiocant Conditions
affect (F=36,7134.£.23,1925p<0.00001) and a significant effect for Elapsed
Hours of Work (P=3.78;4.£.52,192;p<0.02). As a group, participants performed

approximately the same in each of the two BIU-Control conditions; the average

nuaber of plots per person per h ranged from 21.76 to 25.47, a very tight
envelope.
INSERT FIGURE 5 ABOUT HERR

Performance in the MOPP-Control oondition was signifiocantly poorer than
in sither BDU-Control condition at each of hours 2, 4 and 6. Average scores
for hours 2, 4§ and 6 were not signifioantly different from one another.

Produotivity in the MOPP-Heat-Stress ocondition was significantly less
than in e{ther BIU-Control oondition at each of hours 2, § sand 6. Produotivity
in the heat 4id not differ frum MOPP-Control at hour 2, but declined rapidly
and signifioantly at hour % and even further at hour £, as the evacuation of

stressed persons froa the ohamber proceeded..

RANGE, DEPLECTION AND PLOTTING ERRORS: As was the omse in the Pine and
Kobriok study (4,5), the training was so effeotive that very few errors vere
made in plotting targets or determining range and deflection. Mengo errors S
averaged .22 per h per participant over the entire study. Deflection errors
averaged .A1 per h and plotting errors averaged .78 per h. Because of the low
inoidence of errors, statistiocal analyses were not undertaken.

Pine and Kobrick (4,5) found that the combination of heat and protective
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closhing led t0 a progressive deterioretion (inoreased errors or decreased
productivity) of the psrformance of male soldiers starting after three to four

" hours of sustained work. In their study, 18 of 20 persons were abdle to

complete the seven-hour soemario. In the present atudy, degradation of the
women's performance started at about the same time as the men's, it
progressed much more repidly. 2ignificant nuabers of women dropped out along
the way, so that only 7 of 17 women survived the hsat exposure. 8ince most of
the wvomen who had to0 be svacuated vere performing quite well up until the tims
o evacuation, it is probably more appropriate in this study to refer o
women's ability to sustain perforsance, rather than to the effect of the
environmentul stress on their mental perforsance.

The oritiocal question is wvhy males were able to "go all the way,” albeit
with some deterioration in mental performance, while most females more rapidly
reached their limit of endurance, but showved relatively little deterioration
in performance prior to reaching that limit?

One explanation may lie in the obasrvation by Pine and Kobriok (4,5) that
many of their male partiocipants had sveated through at least part of the
proteotive olothing in the heat. This was not found to be true of the women in
this study, and is oonsistent with other information (13) whioh indicates tha+
females sveat less than msles at a given temperature, While differences in
reotal temperatures vers not found betwesn male and female groups, it 1i»
possidle that the differential survival retes between genders, at least in
part, may have been due to inoreased evaporative oooling of sany of the wcles,
beoause of wet olothing, even with minimel wind (2.5 mph). Information is not
available for & more detailed analysis of the thermal state of the subjects in
either study.

Another explanation for the gender differences may lie in the obdeervation
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shat the wvomen oomplained msuch more frequently of upper body fatigues vhen
vearing the protedstive clothing. T™his may de dus to differences in physical

~fitnees snd/or to the faot that the wvomen gensrally were ssaller than the sen

end, oonsequently, were bearing proportionately more weight on the upper btody,
partioularly s regards mask and hood, making ‘he tasks more physioally
demanding to perfora.

The poorer performance of both males and females in the MOPP-Control
oondition as ocapared to the two EDU~Controls also is difficult to explain.
Pirst of all, it is not likely that the poorsr performance was osused by
faotors such s impeded manual dexterity due to wearing gioves or to impaired
vision because of the mask (11). Everyone had treined adout 8 h with mask
and/or gloves prior to the MOPP-Control session and no difficulties in writing
or manipulating the "tools™ had been obeerved. Purthermore, 4the increase in
errors in the MOPP-Control oondition was primarily due to inoreases in errors
of omission...t0 not receiving messages properly, for example, rether than to
errors of oommission, i.e., faulty writing or $00l manipulation.

It io posaidle that despite performing in MOPP-IV during the training
veeks, the antioipation of wearing the proteotive suit in the more realistic
situation of the experimental week, in a climatio chaader, with the knowledge
that 7 h of endurance was expected, aroused some anxiety and imposed its own
stress on the subjeota. If so,this additional stress took a greater toll of
the females; male performance in MOPP-Control always approsched BDU-Control
levels by the seventh hour, wvhereas females, as a group, 4id not shovw this
TOOOVerY.

It 1s informative to note that for all tasks, for both genders,
perforsance in MOPP-IV on Day ) (MOPP-Heat-Strees) began at precisely the same

msan level that each group had reached at the end of 7 h on Day 2 in MOPP-IV
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(MOPP-Ocntrol). This gives oredence to the ooncept of there being an

ééf adaptation period in wearing the MOPP gear; it takes a vhile to get used to

- _ 4%. Toe adaptation, apparently, wvas more diffioult, in genersl, for women than
A for men. This retionale is weakened somewhat by the fact that performance on
F; the 8ite task was not significantly affectod in the MOPP-Control oconditiom.

: Sinoe this was the only redio task in wvhioh messages wers repeated, decrements
' in the other redio tasks in the MOPP-Control oondition may have been a
funoction of a single presentation of the messages. However, the fact that

perforsance on the map plotting task, vhich was not dependent on message

: repetition, also deterioisted in the MOPP-Control condition argues against

i this latter interpretation.

! CONCLUSIONS: If these results can be generalised, very serious
impairments in the ability to sustain performance of cognitive tasks may ooour

I smong female personnel wearing cheaiocal proteotive clothing in the heat; the

| "unit" repretented by the 17 enlisted women in this study was deocimated by
more than 50% ocasualties prior to eix hours of heat exposure. Additional

i ressarch is needed to determine whether the gender differences observed

é betvesn this study and a previous one with male subjeots refleot basio

i physical, physiologial or psychological differences or reside in transient

i factors particular to the samples involved, such as differences in physioal

) fitness, sise or experience. -
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: Pig.1. Oodcbook task total errors \oommission + caission) as group mean
 percent with Nx17 (except in heat where N gradually decreused, ses text). In
each series of A 4, there were two oontrol sessions wearing the tattle dress
unifora (X00), one oontrol session wearing the MOPP-1V, and one heat-stress
session wearing the MOPP-IV, The BDU oontrol sessiona were at 21.1 C; the MOPP
control session was at 12.8 C (Jjudged “he equivalent of 21.1 C) and the MOPP
heat-atress session was a? 32,8 C. Teak was performed during hours 1, 3, 5,
and 7 only., BDU-Control-1:301i4 line; NUPP-Controlzshort-dashed line;

BDU-Control-2:long-dashed line; MOPP-Heat.-Stresszdotted line.
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Pig. 2. Codevhedrl task total errors (oommission + omission) am group mean
percent with N=17 (except in heat where N gradually decrsased, ses text). In
each series of 3 4, there wvere two control sessions wearing the btattle dress
unifora (BEDU), one oontrol session wearing the MOPP-IV, and cne hesat-stress
sesaion wearing the MOPP-IV. The BDU control sessions wers at 21.1 C; the MOPP
coatrol sesaion was at 12.8 C (Jjudged the equivalent of 21.1 C), and the MOPP
heat-stress seasion was at 32.8 C. Task was performed during hours 1, 3, 5,
and 7 only. BDU-Control-1=80l1id line; MOPP-Controlzshort-dashed line;

BDU-Control-2:zlong-dashed line; MOPP-Heat-Stress:zdotted line.
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Pig. 3. 8ite oomputation task total errors (ocommission + ocmission) as group -f
mean percent with N217 (except in heat wvhere N gradually deoressed, see text).
" In each series of § 4, there wers two oontrol sessions wearing the battle
dress unifora (BDU), one oontrol session wearing the MOPP-IV, and one
heat-stress session wearing the MOPP-IV. The BDU control sessions were at 21.1
C; the MOPP oontrol session was at 12.8 C (judged the equivalent of 21.1 C),
and the MOPP heat-stress session was at 32.8 C. Teask was performed during
hours 1, 3, 5, and 7 only. BDU-Control-1ss0lid line; MOPP-Controlzshort-dashed
line; BDU-Control-2=zlong-dashed line; MOPP-Heat-Stress=dotted line.
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Fig. 4. Terget plotting ooncurrent with radio messages as the number of
targets plotted with N=17 (except in heat where N gradually decreased, see

" %9xt). In eudh series of § 4, there were two oontrol sessions wearing the

battle dress uniform (EDU), one oontrol sessionm wearing the MOPP-IV, and one
heat-atress sesaion wearing the MOPP-IV. The BIU oontrol sessions were at 21.1
C; the MOFP oontrol session was at 12.8 C (Judged the equivalent of 21.1 C),
and the MOPP heat-stress session was at 32.8 C. Results depicted here are for
hours 1, 3, 5, and 7 cnly. EDU-Control-1sclid line; MOPP-Controlsshort-dashed 1
line; BIU-Control-2xlong-dashed line; MOPP-Heat-B8tresssdotted line.
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Pig. 5. Narget plotting as the number of targets plotted with Nz17 (sxoept
in heat whers N gradually decrsased, see text). In each sories of § d, there
were two oontrol sessions wearing the tattle dress unifors (XDU), one oontrol
session vearing the MOPP-IV, and one hsat-stresa ssesion wearing the MOPP-IV,
!'!u XU oontrol sessions were at 21.1 C; the MOPP oontrol session was at 12.8
c (Judged the equivalent of 21.1 C), and the MOPP heat-stress session was at
32.8 C. Reaults depicted here are for hours 2, ), and 6 only. EDU-Control-1=
80114 line; MOPP-Controlsshort-dashed line; BDU-Control -2slong-dashed line;
MOPP-Heat-Stresszdotted line.,




